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CASS1 N1 lN’I’ltRI’l,ANl~I’A  Rl’ TRAJECTORY 1)1;S1 (;N

l;cl nancio l’crait:i  and Steve I;l:inagan

Jet I’repulsion lxborutot  y
C{l[r’jot-tlia  Itlstill[tc of Tt3chtlology

‘1’hc ~assini  mission to Saturn wi]] starl a sccoJKi  phase in the cxp]oration  of the Saturnian
systcJn, aflcr (11c historical Voyager flybys of Saturn in 1980 and 1981, The Cassini primary
mission is schc{iulcd  to bc launched in October 1997 by the ‘1’itan lV/Centaur. Cassini uses
four planetary gravity -assis(  flybys to gain the energy ]Icccssary to reach Saturn in July
2004. “I”i]is  arrival date at S[ilLlrn  provirJcs  a urriquc opportunity for a flyby of Salur-n’s  outer
satellite Phoebe on ti)c finai approaci~. “J’his  ix{i~cr i>rovidcs  an ovcrvicwr of the proccsscs
invo]vcci  in l}]c in(crplanclal-y  lrajcclory cicsign and a]lalysis  of the. {~assini  mission to
Salurn.

Keywords: Cassini,  lnicrplanctary ‘1’rajcctory.

1. IN’J’ROI)UCTION

‘1’ilc  Cassini primary mission is schcxiuicci for iaunci~
in October 1997 using the ‘l’i[an lV/Centaur, witi] an
~JJ>gracicd Soli(i R o c k e t  Motor  (SRMU),  iaunci]
vchiclc. ‘J’hc Venus-Venus-];arth-Jupi(cr Gravity
Assist  (VVllJCiA) trajectory, shown in I’igurc  1,
compensates for the ncccssary  energy to rcacb
Saturn, requiring a dctcrminislic  or I>ccp Space
Maneuver (IMM) tbrougilout  tile launch period, ‘J’his
rnancuvcr  will bc cxccutcci  after Venus 1 (April
1998) to Iowcr pcrihc]ion (the closest point with
respect 10 (hc Sun) anti place the spacecraft on the
proper course to cncountcr Venus for a sccomi lime
in JUJIC 1999.

Aflcr the Iiar[b flyby in August ]999, the Cassini
sJ~acccraft  will be on its way to the outer i~lancis,
flying by Jui~itcr  in l>cccmbcr  2000. ‘1’hc fcrr[oitous
gcomc(r-y  of the VVJ{JGA tra,jcctory  provides  a
unique opimluni[y  of a doub]c gravity-assist flyby,
Venus 210 llal-lil witi]in 56 days, ;cciucing tile lotai
flight time to Saluln  to 6.7 yc.aIs. l’hc scientific
information oiltaioc{i (iuI-ing  the intcri>lanclary  crL]isc
phase is iimitc(i primariiy  10 g]avilalionai  wave
scarchcs  ciLlring  three successive SUn oi)i)osilions,
beginning in ]~cccrnbcr 2001.
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Fig. 1. (’assini-VVI~JGA  Oc(obcr  1997,
lntcrf)lanctary “1’rajcctory.

2. INTER1’I  ,ANE’I’ARY ‘1’RAJ1{C’I’ORY

2.1 Primary  I’rajectory I.aunch l’t?r-iod

‘J’hc cullcnt  nominal iauJlciI period of li)c primary
mission opens c)n [)ctohcr  6, J997, and C]OSCS  OJ)
Novcnlbcr  d, 1997, plovi(iin~ a 30-(Jay  launch period.
A CO1)til)gCnCy ]aLIJ)Ch pCJ’10d Is CXtCJldCd t) CyO1]d thC
nominal iauncb period to November 15, 1997, to
incrcasc tbc Cbanccs of mission SLJCCCSS  although
dcg Iading  10 Solnc c.xtcnt the scientif ic
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accol~l~)lisl)lllcllts of tbc rron]inal m i s s i o n .  ‘1’hc
rspcning  and c.lose of the nominal launch pcrimi arc
chosen SUC}l that Ibc ]aunch vcbic]c’s  caJ)abi]ilics arc
not cxccccicd, and the mission performance’ and
operational rcquircmcnts  arc met. I.auncb  dates
which minimi~.c  (I]c  inlcrp]anctary  cruise duration arc
a function of tbc Saturn al-rival  date which is
conswaincd  by launch vchiclc pcrformancc,  trajectory
cbaractcrislics,  and mission rcquircmcn(s placcci on
both (I1c Orhitcr and Ihc Pmbc.

Table 1 provides a summary of events that apply only
to the rcfcrcncc trajc.ctory, i.e., the trajectory for the
opening of the nominal launch period of tbc prin)ary
trajectory. other trajectories within the launch period
arc charactcri?,cd  by diffcrcnccs  in flyby parametcm
such as flyby dates, altitudes, maneuver dates and
magni(udcs.

‘1’hc d e s i g n  o f  t h e  VV1iJ~A  t r a j e c t o r y  i s
accomplished using two trajectory optimizer
progi-ams  dcvclopcd  at the Jet Propulsion 1,aboratory.
M1lJAS(Saucl-, 1990) isuscdto  pcrforn  lprcliminary
studies to iclcnlify the prospective tlajcctorics,  to
undertake feasibility studies, and to determine
fundamental trajectory characteristics such as the
scqucncc of flyby bodies. MIIJAS  moctcls spacccraf(
t rajectories  using pa(chcd  conies. ‘1’hc output
information provided by MI1>AS is then used as
initial conditions to the I’I.Anctary  Trajectory
Optin~ization (PI. A”I’0)  program, (Pcralta,  199 S).
PI. A”J’O uscs multi-conic propagation mc(hocls  to
model the [rajcclory dynamics more accurately, and
employs a more sophisticated optimiz.a(ion schcmc.
FIowcvcr, P1.ATO requires a good grrcss at the initial
comiitions in orxicr for convcrgcncc to occur. PI .AI’O
is first used to corroborate the. results obtained by
MIDAS, and ti~cn to develop a set of trajectories that
furtbcr  cnbanccs  lim Lmdcrsianding of tbc behavior
and pccuiiaritics  of ti~c in(crplanctary trajectory, not
only for onc particular launch date but also with
variationsin  launc}lanci  arrival dales.

A  complctc  s tudy of  a l l  possibic  trajcctorics,
Iaunciling  in ti]c Sci~tcnlbcr-Oc{obcr-  Novcnlbcr 1997
rarrgc and arriving at Saturn from April 2004 to
I>cccmbcr 2005, was carricci out as part of the
launch/arl-ivai  tr;ljcctory analysis ixoccsstoidcn(ify
the optimai trajectory forcacil  iaL]ncbdatcwi(hin ti)c
launcil pcrio(i. As a rcsui[  of li~is analysis a launch
pcrimi strategy was incol-pol-atc~i to maximize
mission SUCCCSS.  ‘Illc rcsuitin: set of trajcc(orics is

I  ~,ssio,,  l,cr[o,,,)allcc  is, I,cast]rcd  il)tcrll]s ofe1ld0f!1~issi0n

(liOM) fuel hadgc[,  dcfrncd  as (I)C potential vclncity increase

a c h i e v a b l e  wi(h  the bipropcllnnt rctnaining in (hc  tanks  afk-[  the

colnfrlc(ion oftlw fo~lr-ycar s:ilellilctc)~lr.

guaranteed to meet the i~]jcction capability of the
iaunch vcilicic.

Optimi~.lng  an intcri>l:inctary tr:ijcctory  m e a n s
nlinimizing a cosl fLlnction2 wi~ici~ in {his case is tim
totai  deterministic post-launch AV required.
Variab]cs  to consicicr  arc tile launch energy, tbc (imcs
of the deterministic maneuvers, anti the planetary
flyby parameters (inciuding:  ti~c al(i[ude., flyby
geometry, and the Iilncs of each planetary gravity-
assist flyby). ~’hcsc in(iei>cndcnt variables arc allowed
to chang,c, subjccl  to opi>cr  and lower limits that may
bc placed on any or ail of ti]c variabics.  These
paramckrs  may bc subjccl  to constraints arising from
mission operations, sucil as tile time or direction of a
maneuver. Othc] constraints come from scientific
considc]ationso]  arcphysicai  in nature. I:orcxampic,
a ]owcr limit on flyby aitilodc is spccificd so as 10
prevent the spaccc]aft  from impacting ti)c flyby
pianc[ orcntcring  its atmospilcrc. It is important (0
mention that chatlging thcbounciarics imposcdonthc
f lyby pararnctcls  mi~ll[ alter the bcilavior  of a
muitipic gravity-assist trajectory, tilus providing a
ncw fan)ilyof  solutions.

‘1’ilc solution fof an optimized ~assini VVIiJGA
trajcctmy usualiy contains onc ormorcdctcrnlinistic
rnancutcrs which arc  non-zero AV’S.  O the r
maneuvers arc statistical an(i arc rrominaiiy z.cro, but
in actual ftigh[ bcconw non-zero duc to maneuver
execution errors, orbit (ictcrmination  errors, ancl
plarrc(aly cphcmcris unccrlaintics  l;orcxamplc, tbc
first trajcc(ory COI-I cc(ion nlancuvc]-, i>crformcd  aboul
three to four weeks aflcr launch, is a statistical
maneuver to corrc.c[ for the injection errors of the
Centaur uppcrslagc.

2..? 7h2jectorySimce  Choructet-islics

‘1’hc design and analysis of the Cassini  trajectories is a
complex and ti]~]c-c[]~lstl]l~il]g  process that requires a
bigit lcvct of human intcrfacc.  l;or example, the
VV}lJ(iA  rcfcrcncc tt-zijcctory was the first type of
solution discovcrcct fo] ti~is trajectory. }Iowcvcr,  in
the course of tryin~, to (icvclop a Iauncil period for
this solution, difficoltics were cncountcrcd. }Icyond  a
laurrch ciatcof  Octobcl 23, thciauncil  cncrgypcr  unit
mass (cl) incrc.ascs  (ilamaticaily in order to rcciucc
ti]c post~launch AV. ‘1’iIc Cl incrcascci wcli b e y o n d
t h e  nlilxin]url)  cai)ahiiity  of tile iaunch vchiclc.
l~u]-tim  analysis was Icquircci  torcalizc ti]at another
family of solutions cxis(c(i for lilis [rajcctory, with
nlLIci)  higilcr values o f  Cl. B y  iaonciling  at a
substal]tiaily  incrcasc(i  {~ ~, ;t is possible to eliminate
litc ]algc I)Sh4 bctw’cc’n Venus i  and Venus 2

2 I,fiur)ch  cT)crgY  jsl,c)t incl~lclc(i lr]thccos( fl!nc(ior)  inthcnOrlllal

mode of opcmfion, so (hc  II .IICC’[OIY SCI obtained is indcpcndcn( of

the  SCICL tion  of the launch vchiclr.



allogc.lhcr, resulting in a ballistic trajcclol-y  10 Salurn. types of solutions have very similar heliocentric
‘I’t]ctligtlcr  1:iullcll~3 isllscd  lcJ(lt>JJrcss tllcpcritlclion [rajcctorics.  ’i’his second family of solutioosiscallcd
of the tmjcctory  initially, which results in a Iatcr the “global oplinlunl family, ” and the original family
V e n u s  1 arrival cia(c, After Venus 2, lhc two iscallcd  (hc’’local  optimum family. ”

l)ays
Mission Ilvcnts Start l)atc from Commcnls
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I.aunch
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29-Jan-00
10-Apr-00
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C3 = 1 N. 1 kn12/s2
Sun rar)gc = 1.02 AU
lnfcrim  conjunction
AV = () nl/s; AV>O  for launch (iatcs after 10/2.5/97
Sun ratlgc = 0.68 All
Altitu(ic @Pcriapsis  = 300 km; Velocity @
pcriapsis  = 11.8 knds
AV = 466 111/S
Sun rallgc = 1.58 All
25 clay instrumcn( cilcckout

Probe lhcrmal consllaints restrict Iligil Gain
Antcnlla  usage
Altitude @Pcriapsis  =
pcriapsis  = 13.0 knr/s
Sun rarigc = 0.72 AU
lnfcrio]  conjunction
Altitucic  @Pcriapsis  =
Pcriapsis=  19.1 kn~/s

SLIn hngc = 2.2 All

2267 km; Velocity @

S00; Vclocily  @

No constraints after [his date
Sun Range = 3.3 At)

Ckavity  Wave opi~ol-lutii(y
Altitude = 139 Jui>itcr Radii; Velocity @
pc.riapsis  = i 1 .S knl/s

Gravity Wave l~xpc] illlcnt opportunity t 20 days

Cruise scicncc  hcgins SOI-2yrs
Ciravit)’ Wave l:xpcri~ncnl

opimrtunity 3 20 (iays

Gravity Wave }ixilclilllcnt
oppo~-tunity  f. 20 ciays

Distan(.c = 52,000 km
Av = 613 111/s

AV = 333 1)1/S

AV = 48 111/S

Altitu(ic @Pcriai]sis : 1500” km; Vciocity  @
pcriapsis  = 5.9 knl/s

}ind of 4-year tout
.  .  — -—— ..—. ————--..—.



~Jnforlunalcly,  the values of C3 required for the
global op t imum so lu t ions  lic bclwccl) 35 ancl 55
kn~?/s2. in order to launch with a cl of 35 kn12/s2
using the l’itan IV, it would bc ncc.cssaly  to off-Ioad
over 1100 kg of propellant. ‘1’his would nol leave
enough propellant to perform the }Iuygcns  Probe
delivery, or Ibc four-year Saturn tour. “1’hcrcforc, the
global  optimum solutions arc nol practical for
Cassini.

Ilowevcr, it is possible 10 find useful, flyable
solutions for days after Oct. 23. 13y fixing (11C ~~ to a
spccificd value, an intermediate family of solutions
was discovered which lies bctwccm Ihc local optimum
and the global optimum families in tcrtns of C3. In
fact, tbcrc is a continuum of such solutions, with
VcnLIs  1 a r r i v a l  cia[cs  iying bctwccn  ti]c. ic)cal an(i

global optimums, and tbc values of C3 spanning the
full range from 17 to 40 km2/s2. ‘1’hcsc fixed C3
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soiutions ctispiay complicatcci behavior across the
iauncil i>criod. l~cpcmting on tbc launch [iay and the
fixed C, sclcctccl, an intcrmcdiatc  solution can
rcsclnhlc ci(hcr the local or the global optimum
family, ‘J’ilcrcforc, in addition to studying the local
opti]nulll famiiy whc]cver i t  exists,  i t  is  also
ncccssary  to stLIdy the entire ]auncil pcrioci at several
fixc(i  V:l]LICS  o f  C3, in order to capture these
inlcrmcdiatc solutions.

I~igurc 2 shows these curves for intcrmcdiatc
solutions with values of (~~ ranging from 16.5 kn~2/sl
up to the ballistic solution’ which  occurs at a cl of 46
km~/s*. This chart shows, as stated earlier, tilat off-
Ioa(iing  bipropcliaot  in order to fly on a bigllcr  C3

trajccto]y  to rcducc (I)c post-launch AV is inefficient.
This is ciuc to ti~c fairly siow dccrcasc  in the post-
launch AV with incrcasc in C3. ‘1’his  fact bccamc a
pat(crn  throLlghout  the cn(irc launch period.
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l$ig. 2. lnjcction Margin, Intcri)lanctary  l>cita-V, and l>clta-V at Ilnd of Mission versus C3 for I.aunch on
i 0/1 9/97, Arrival on 7/1/04.

llcforc  trying 10 uncicrstand the rclalio}tsi)ips  of these
tiiffcrcnl types of solutions as a function of launch
date, it is useful to study their bci~avior as a function
of C3 for a single, fixcci launci) (iay, Oct. i 9. ljigurcs
3 anti 4 caci~ show curves rci>rcscnting  three di ft’crcnt
(iuantitics  of interest used [o identify feasible
trajectories for tile VVJIJ~A mission.
i. Injcc(ion Margin - ‘1’hc {iiffcrcncc bctwccn (i)c

maximum launch vc}liclc injcc(ion capability and
the rcciLlircCi injcctcd mass.

2, ln[cri}lanctary AV ‘i’otal  dctcrminis(ic  AV (not
inclu(iiag Saturn (h bit Inscrlion,  (S01)).

3. I;nd of Mission AV - ‘1’otal AV capability of tile
CXLCSS propellant remaining upon completion of
tiw nominal mission.

I;igurc  3 adds the local optimum solution to }:igurc 2,
an(i zo(m~s in, cxciuding the higher C+ intcrmwiiatc
solutions and tile global optimum solution. “1’ilc
nature of the iocai optilnunl bccomcs ai>parcrrt in this
figure. ‘1’hc famiiy ai~pears as a small, parabolic
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I:ig. 3. l[ljcction Margin, In(crplanctar-y  Ilclta-V,  and l)clla-V at End of Mission versus r23for l.auncb on
10/1 9/97, Arrival on 7/1/04.

cul vc lying at l}lc low C3 cnd of the inlcrmcdia(c
solutions. 11 is this characteristic shape of Ihc local
optimum which makes it possible for the software to
convcrgc (o a free C3 solution without jumping up to
lhc global optimum. The cxistcncc  of the local
op[imum  can most likely bc attributed to the fact that
(I)c local optimum has at Icast onc flyby on a lower
bound for every day that it cxis(s. “1’hc cxistcncc of
tbcsc constraints restricts the options available to the
so flwarc in its optimization, thereby limiting the
nulnbcr  of pa(hs that the optimization can take
tlwough the pararnctcr  space. It can therefore bc
impossible to reach son~c lower AV solutions duc to
the location of the initial guesses.

l:rom J~igrrrc 4, it is clear that two distinct families do
cxis[ in this region. For values of Cl bctwccn  16 and
16.5 kn~2/s2,  two solutions arc shown, with identical
val LIcs  of cl and completely different flyby altitude
pmfilcs. }Jowcvcr, it can also bc seen that as the C:3
of the intcrmcdiatc  solution approaches the C3 of the
local optimum, its flyby altitLdc profile bccorncs
lnorc Iikc that of the local optimum as WCII.  la sornc
sense, the intcrmcdiatc  solution can bc said to “fall
into” Il]c local optimum as it appmachcs in ~l.

1.ooking back at l~igurc 2, it might seem (hat the best
pcI formancc, as judged by cnd of mission AV, will

always occur al the point wtlcrc the injection margin
goes to zero. ‘f’his  appears to bc duc to the fact that
for this launch day a vcty small incrcasc in ~t along
the intcl mediate solution is all that is required to
provide an improvement in performance over the
local optimum, and furlllcr  increasing the cl
continurs  to yic]d bct[cr performance until the
rnaxirnrrln  launch vchiclc capability is rcacbcd. In
other words,  the neighborhood for which the local
optirnunl is optimal is very small. ‘1’his is not always
the case, however, as will be demonstrated when
other launch days arc considered.

Swmmtv of Variations due to L.autlch Ihte oml Cf.
‘1’hc kcy concepts that shou]cl bc noticed with rcspcc(
to the variation in launch date and C3 arc the
following:
1.

2,

3.

4.

lntctplanctary  AV is Iowcst  in the middle of tbc
launch pcrioci and rises at either cnd duc to flyby
alti[udcs }~itting constraints.
The local optimum solutions provide the best
avallablc  performance at the bcginnirrg  of the
laul,ch period, then disappear towards the end.
The ~q of ttlc local optimum solLltions varies as a
function  of launch da[c.
‘1’hc intcrmcdiatc. solutions provide the bcs(
pcrlormancc sta((ing in the rniddlc of tbc launch
pcriocl and contitlui]lg until the end.
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l:ig. 4. Venus 1, Venus 2, and l{ar(h I~lyby  Alti[udcs versus C3 for 1.aunch on 10/19/97, Saturn Art ival on
7/1 /04 .

3. AI{l<IVAI,  l) Arl’l{ ANA1,YSIS Phoebe during (hc foo]-year tour, since Phoebe’s
clistant orbit around Saturn p]accs it well outside

As mentioned pl-cviously, [;assini’s nominal arl ival ~assini’s  apoapses.  Phoebe is of particular in(crcsl to
date, July 1, 2004, was sclcctcd bccausc it provides as(ronon!crs  duc to qucs( ions conccl-ning its origin.
an opportunity for a l’hocbc flyby. Cassini  will never ‘1’bcsc  factors combine to make it bigbly desirable to
have an opportunity to pcrforln a C1OSC flyby of maintain l}]c nominal ariival {ialc.



}lowcvcr,  more important than maintaining the
nominal arrival da(c is guaranteeing a launch duling
(11C October 97 opportunity. “1’bc penalty for missing
this launch opportunity is scvcrc. ‘J’hcrcforc,  any
alternatives lhat have lhc potential to make a Iaunc}]
in C)ctobcr  97 mo~c likely must bc cxp]orcd. l~or
cxan~plc, reducing the rcquircci total AV migh[ be

nc.ccssary in order to rcsponcl [0 spacccraf(  mass
incl-cases. l~xtcnding the flight time is one of (I1c fcw
means by which this sort of mission rcsi]icncy  earl bc
provided. ‘1’hc AV savings is almost entirely in the
Salurn Orbit lnscrlion  maneuver. 3’Iw inner solar
system segments of the trajectory rcqLlirc complex
phasing, in effect “pinning down” the trajectory, and
arc affected only slightly by changes in the flight
time.

llxtcnding the flight time can also potentially have an
impact cm the duration of tbc launch pc.rioci. It was
previously staled that tbc open of the launch period is
strongly intlucnccd  by the fact that the I{arth flyby
altitude is on the lower  bound of 500 kln for all days
prior (o (lctobcr  6 for the nominal arrival date of
July 1, 2004. Moving the arrival dale approximately
onc year later, to June 10, 2005, causes the l;arth
flyby to come off c)f (his bound nearly 5 days earlier-.
It is not possible, however, to move the close of lhc
launch period by changing the arrival date.

4. SIXONI)ARY  AN]> IIA~K~lP TRAJli~l’ORII;S

To cnab]c rccovcry from possible cxtrcmc launch
delays, the ~assini project has sclcclcd  a set of
secondary and backup mission opportunities. I’ticsc
missions make usc of the Venus-Ilart}l-l;arth ~havity
Assist (V1~Ii~A)  trajectory concept. Secondary
missions arc allowccl  to have a launch date less than
six months after the prjmary nlission, ‘1’bis  mission
protects against launch slips that occur after }~arciwarc
delivery, and can bc diagnosc(.t  and fixed within a
short time, but not quickly enough to meet tbc
primary launch scbcdu]c. Scientific rc.turns  can bc
degraded slightly in the light of the competing
pressure to launch the spacecraft if a problcm
delaying tbc primary mission is identified and solved.
JJackup missions arc required to be launched at lcasl
six months af[cr the primary mission opportunity, and
to have the same scientific return profile as lhc
primary. llac.kup missions arc kept in the mission SC(
to protect against launch slips from programmatic 01
lcchnical  issues that cause a long launch delay.

l’hc curlcnt  trajectory set contains a secondary
mission opportunity. This mission launches on a
VIil XiA t[ajcctory  in I>cccmbcr 1997, shown in
l:igurc 5. A deep space maneuver is cxccute(i  af[c]
the first I iarth flyby to proper] y phase tile spacccl-aft
for (I1c sccorrd liarlh flyby, finally arriving at Salu[n
on October 13, 2006. LJnfortunatcly,  the cruise time

for the secondary mission is two years longer than the
primary :iftcr  a launch (iclay of about onc month.

The backup mission opportunity launches on a
VMiCIA trajectory in March 1999, s}lown in l~igurc 6.
A deep space n]ancuvel  is cxccutcd after the first
Ilar(il  flyby to properly lJi]asc tile spacecraft for tile
second I artb flyby, arriving at Sat Llrn on IJcccrr~bcr
22,2008

“1’hc sccorrdary  anti the backup trajcc.tories have
cnougb  AV performance to carry out the mission with
no cicgra(dation to the scientific return, ‘1’hc significant
difference bctwccn  these missions and the primary is
a iongcl interplanetary cr-Llisc  time. However, the
longer cruise times cause a change in the power
available, duc to the (icp, tadation of the Ra(iioisotopc
Thcrmoclcctric  ~cncrator power source. ‘Jlc
available powcI lCVCI for the backup mission at
Salurn al-rival is roughly equal to that available for
the primary mission at the end of the mission, July 1,
2008. ‘1’llis would result in fewer ins(mmcnts  being
allowed 10 operate at a given time, or less cn.ginccring
support to suit all the instruments.

The cxtcnsivc analysis dcsclibcd  previously for the
Vl{JCiA trajectory was also carricci  out at the Jet
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I%opulsicm 1.aboratory  for the sccmrdary  trajectory,
The cxtcnsivc analysis dcscribcd previously for the
VV1iJGA  trajectory was also carried out at the .lcl
Propulsion I.aboratory for the secondary trajectory,
so as to fully understand 11x bcbavior  of tbc trajectory
and to define (IIC  launch/at-rival space where the
secondary trajcctot-y is feasible. No multiple
Irajcc(orics  were found for the secondary mission, as
opprrscd  to the primary one.
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